The Tm-z gene in tomato inhibits development of mosaic symptoms and multiplication of tobacco mosaic virus (strain o isolates). A virus isolate of strain I type caused mosaic symptoms on Tin-2 hosts almost as severe as those it caused on susceptible hosts. However, multiplication of strain i virus (measured as accumulation of virus RNA or coat protein) was still partly inhibited in Trn-z hosts. Thus the two end effects of the Tm-z gene were to some extent separable.
In tomato, the resistance gene Tin-1 prevents the systemic mosaic symptoms caused by common (strain o) isolates of tobacco mosaic virus (TMV; Clayberg, I96O; Pelham, 1972) . Accumulation of TMV strain o is inhibited by about 7o% in plants heterozygous for Tm-x and by 9o to 95 ~ in plants with homozygous Tm-i (Fraser & Loughlin, 198o) . Variants of TMV which can cause mosaic on Tm-z hosts have arisen naturally (Dawson, 1965, I967; Pelham et al. I97O) and are designated as strain I (Pelham, 1972) . As one approach to understanding how the Tm-1 gene can suppress symptom formation and TMV multiplication, we have studied its effects on multiplication of TMV strain I.
Nearly isogenic lines of tomato (Lycopersicon esculentum Mill. cv. Craigella) with different combinations of the Tm-z gene were grown under normal glasshouse conditions as described by Fraser & Loughlin (198o) . Line GCR 26 is susceptible (+/+), J 484 is heterozygous (Tm-z/+) and GCR 237 is homozygous (Tm:i/Tm-i). TMV tomato strains o and I, isolated by single lesion transfers on Nicotiana tabacum U cv. Xanthi-nc, were multiplied in N. tabacum cv. Samsun and partially purified by the method of Mundry (I957).
Plants 15 to 3 ° cm tall were inoculated on two upper, expanded leaves by dusting with 4oo-mesh Carborundum and rubbing by hand with a suspension of TMV at 5 #g/ml in 5o mM-sodium phosphate buffer, pH 7. Between three and seven replicate plants were inoculated for each genotype. Leaves were washed with running tap water immediately after inoculation.
To eliminate subjective bias in assessing symptom severity, plants were scored 'blind', i.e. without the observers knowing host genotype or virus strain. Symptom severity was expressed on the scale: o, symptom free; I, trace of systemic mosaic; 2, well-developed systemic mosaic with light green/dark green mottling of young leaves; 3, severe mosaic, with wonounced mottling, stunting and distortion of the upper parts of the plant.
For measurements of TMV RNA and coat protein concentrations, leaflets were harvested from all inoculated leaves of each host type. Samples were also taken from the systemicallyinfected 4th and 5th leaves above the inoculated leaves. Midribs were removed and the laminas roughly chopped and mixed.
Nucleic acids were extracted from three o'5 g samples of chopped lamina as described by Fraser & Whenham (I978) . TMV RNA content was measured after fractionation by oo22-I317/8o/oooo-414o $02.00 ~ I98O SGM Short communications polyacrylamide gel electrophoresis (Loening, I969) as described by Fraser & Loughlin (1980) . Total protein was extracted from o. 5 g samples and fractionated by electrophoresis under denaturing conditions on Io to 3o 70 gradient polyacrylamide slab gels (Neville, I97I), as described by Fraser & Loughlin 098o). The gels were stained with PAGE Blue G9o and destained (Laemmli, 197o) . After drying, the stained band corresponding to TMV coat protein (identified by co-electrophoresis with purified coat protein) was cut out and the stain eluted overnight into 4 ml formamide. Stain concentration in the eluate was measured by absorbance at 6oo nm. The amount of stain bound and subsequently eluted was proportional to weight of coat protein over the range of sample sizes used. Each electrophoresis run was calibrated by fractionation of known weights of purified coat protein. 
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Strain I 6"7 3"5 2-2 * Data for experiments I and 2 are from directly inoculated leaves; data for experiment 3 are from systemically-infected leaves. Sampling was at ~8 days after inoculation for experiment I, and at I9 days after inoculation for experiments 2 and 3. All values are means of three determinations.
t Coat protein concentration was below the limit of sensitivity of the method, i.e. was less than about 0"25 mg/g. (Fraser & Loughlin, 198o ) . Fig. t (b) and (c) show time courses of accumulation of strain I TMV RNA in hosts of the three genotypes, in both inoculated and systemically-infected leaves. In the +/+ host, the fall in TMV RNA concentration in systemically-infected leaves after 2o days was probably not an indication of virus instability. Leaf expansion continued after maximum TMV RNA concentration had been reached, and may have diluted the virus after its rate of accumulation had slowed. We found similar patterns of accumulation of TMV RNA of strain o in the +/+ host (Fraser & Loughlin, 198o ) .
In leaves of hosts containing the Tm-z gene, accumulation of strain I TMV RNA was inhibited. The inhibition occurred both in inoculated and systemically-infected leaves.
Twenty days after inoculation, TMV RNA concentration in Tm-z hosts was generally between IO and 3o ~ of that in susceptible hosts. Accumulation of the coat protein of strain t was also inhibited in Tm-z hosts, to about the same extent as TMV RNA accumulation (Table I) .
Further experiments compared the accumulation of strain 1 with that of strain o in susceptible and resistant plants. In susceptible plants, the two strains reached very similar concentrations, measured either as TMV RNA or coat protein (Table t) In Tm-I/Tm-z plants inoculated with strain o, we found a delay of 2o days between inoculation and the first detectable increase in virus concentration (Fraser & Loughlin, I98o) . In contrast, Tm-I/Tm-I plants inoculated with strain I did not show this 'eclipse' phase: detectable increase in TMV RNA was established by 6 days after inoculation (Fig. I b) .
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Thus there were some differences in the effects of Tm-x on accumulation of strains o and I, but strain I remained substantially unable to overcome the inhibitory effects of Tin-1 on virus multiplication. Previously, we reported that accumulations of four different isolates of strain o were inhibited to different extents in Tm-I plants (Fraser & Loughlin, I98o) .
It is possible that accumulation of different isolates of strain I might also be inhibited to different extents.
The failure of strain I to overcome the inhibitory effect of Tm-i on virus accumulation contrasts with its ability to overcome the symptom suppression function of Tm-L These results therefore suggest that the two end effects of Tm-x are to some extent separable and may involve partially independent mechanisms. One possible explanation for the dual function of the gene is that the pathway between gene and end effects is branched, with separate functional end products inhibiting symptom formation and virus multiplication.
